Ecological assessment of highly heterogeneous systems: The importance of taxonomic sufficiency  by Trigal-Domínguez, Cristina et al.
ARTICLE IN PRESS




E-mjournal homepage: www.elsevier.de/limnoEcological assessment of highly heterogeneous systems: The importance of
taxonomic sufﬁciencyCristina Trigal-Domı´nguez , Camino Fernandez-Alaez, Francisco Garcı´a-Criado
Department of Biodiversity and Environmental Management, Faculty of Biology and Environmental Sciences, University of Leo´n, Spaina r t i c l e i n f o
Article history:
Received 16 March 2008
Received in revised form
9 June 2009






Taxonomic resolution11/$ - see front matter & 2009 Elsevier GmbH
016/j.limno.2009.06.011
esponding author. Present address: Departm
wedish University of Agricultural Sciences, PO
ail address: cristina.trigal@ma.slu.se (C. Trigaa b s t r a c t
We assess the effects of taxonomic resolution (genus–family levels) on the ecological assessment of 39
highly heterogeneous ponds located in north-western Spain.
Non-metric multidimensional scaling (MDS) and one-way analysis of similarities (ANOSIM) were
used to investigate the effects of taxonomic resolution on the macroinvertebrate assemblage structure.
The Mann Whitney U-test and discrimination efﬁciency were used to assess the ability of nine diversity
measures (total richness, rareﬁed richness samples of 25, 50 and 100 individuals, Margalef’s index,
Pielou’s evenness, Shannon–Weaver’s index, Simpson’s index and percent dominant taxon) to
discriminate between acceptable (best available and good conditions) and unacceptable (moderate,
poor and very poor) conditions using three levels of taxonomic resolution: (i) family, (ii) family plus
subfamilies of benthic non-biting midges and (iii) genus level.
Based on non-metric MDS, the macroinvertebrate assemblages of ponds of acceptable (A) and
unacceptable (N) conditions were statistically undistinguishable, both at genus and family levels. On the
other hand, based on several community metrics (total richness, Margalef index, etc.) the two sets of
samples were statistically different, although only when the genus or the subfamily level was used and
after Bonferroni correction. These results suggest that the structure of macroinvertebrate assemblages
by itself is more sensitive than the speciﬁc composition in distinguishing the fauna living in acceptable
and unacceptable conditions. Moreover, dealing with families including many taxa generally showing
different tolerance to disturbance may lead to misclassiﬁcation of ponds. We agree, however, that the
two approaches, i.e. assemblage composition and diversity measures, are conceptually different and
hence they should be used in combination for a better understanding of the response of single metrics.
& 2009 Elsevier GmbH. All rights reserved.Introduction
Taxonomic sufﬁciency, which involves identifying organisms to
a level of taxonomic resolution sufﬁcient to satisfy the objectives
of a study without losing signiﬁcant information, has received
much attention in assessment and conservation studies of fresh-
water systems. Particularly, conservation studies usually involve
species-level identiﬁcations whereas a coarser taxonomic resolu-
tion (e.g. family and genus) has been proposed in ecological
assessment studies due to the logistical difﬁculties, costs and time
involved in species-level identiﬁcations (Resh et al. 1995; Waite
et al. 2004). The ability of determinations at the family level to
discriminate between ecological quality classes seems to be
adequate to describe the response of several community metrics
in assessment studies of ﬂowing waters (e.g. Barbour et al. 1995,
1996). On the other hand, research conducted in lentic systems. All rights reserved.
ent of Environmental Assess-
Box 7050, Uppsala, Sweden.
l-Domı´nguez).has shown that a ﬁner resolution (e.g. subfamilies and genus) is
desirable to achieve maximum accuracy and reveal signiﬁcant
differences in the community structure along the gradient of
perturbation (King and Richardson 2002). Ponds, wetlands and
the littoral zone of lakes are complex systems where habitat
heterogeneity shapes the interactions among organisms and
modiﬁes their response to perturbation (Hanson 1990; White
and Irvine 2003; Tangen et al. 2003; Della Bella et al. 2005).
Consequently, the response of organisms to perturbation may be
difﬁcult to isolate when determinations are carried out at coarse
taxonomic levels unless natural changes of diversity patterns are
well-known.
Macroinvertebrates are keystone organisms in pond food webs.
They play a central role in the energy transfer scheme from
primary producers to upper trophic levels (Hanson 1990). In
addition, several macroinvertebrate taxa are sensitive to human-
induced perturbation. Changes in the taxonomic structure of
macroinvertebrate assemblages, in terms of presence/absence or
abundance, may reveal subjacent changes in the physical and/or
the chemical environment (Rosenberg and Resh 1993). Conse-
quently, the structure of the macroinvertebrate community is
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Table 1
Physico-chemical parameters measured at the ponds.
Mean7SD Range
Surface area (ha) 4.476.7 0.1–23
Mean depth (cm) 88.4739 34.3–185
Conductivity (mS cm1) 3797323 19–1229
pH 8.270.9 6.7–10.2
Oxygen (mgL1) 5.872.7 2.4–13.3
Total suspended solids (mgL1) 15712 3.4–70
Total nitrogen (mgL1N) 1.670.8 0.02–3.9
Ammonia (mg L1N) 29.4747 0–258
Nitrate (mgL1N) 0.170.1 0.0006–0.4
Total phosphorus (mg L1 P) 3827534 26.7–1861
Orthophosphate (mg L1 P) 1347283 0.8–1171
Chlorophyll a (mg L1) 39.5771 0–363
Turbidity (NTU) 15.5718.5 1.4–83.3
Mean standard deviation (SD) and maximum and minimum values are given.
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(Somers et al. 1998; Hawkins et al. 2000). On the other hand,
several community metrics, which reﬂect certain requirements of
the assemblage, may also be used in assessment studies to
summarize the patterns of change (Barbour et al. 1996; Fore et al.
1996; Somers et al. 1998; Kashian and Burton 2000; Lewis et al.
2001; Moss et al. 2003). For example, as perturbation increases
sensitive taxa disappear and are replaced by tolerant ones. This
results in lower diversity in perturbed sites. The direction of the
change, however, may vary with the level of taxonomic resolution
used (King and Richardson 2002; Schmidt-Kloiber and Nijboer
2004; Waite et al. 2004). Hence, a better understanding of the
changes in macroinvertebrate community structure along the
perturbation gradient at several taxonomic levels is necessary in
order to predict the potential changes in ponds affected by human
activities.
This study was aimed to determine whether the composition
of macroinvertebrate assemblages provides more robust results
than the use of taxonomic structure by itself (presence/absence
data) in the ecological assessment of Mediterranean ponds using
two levels of taxonomic resolution: family–genus. Moreover, we
investigated the ability of several diversity measures (numeric
and rareﬁed richness, evenness, Margalef’s index, Shannon–Wea-
ver’s index, Simpson’s index and percent dominant taxon) in
distinguishing between the classes of condition acceptable (best
available and good) and unacceptable (moderate, poor and very
poor) at consecutive levels of resolution.Materials and methods
Study area
For this study, we selected 39 ponds located in the Duero river
basin in the North Iberian plateau of Spain (Fig. 1). The study
ponds were located between 750 and 1100m above sea level and
were described as semipermanent freshwater systems
(19–1229mS cm1) with mean depths between 34.3 and 185 cm.
The ponds differed in their size (0.1–23ha) and trophic conditions
(total phosphorus: TP ¼ 26.7–1861mg L1; total nitrogen:
TN ¼ 0.02–3.9mgL1; and chlorophyll a: Chl ¼ 0–363mg L1)
(Table 1). According to the typology scheme proposed by Moss
et al. (2003), the study ponds belonged to ecotype 14, small warm
lakes on underlying calcareous rocks that lend them high mean
annual conductivity values (100mS cm1).Fig. 1. Location of study ponds in the north Iberian plateau of Spain.Percent volume infested (PVI) in the study ponds, a measure of
the percentage of a waterbody’s volume that is covered with
vegetation, was usually 470%. The dominant plant species were
Myriophyllum alterniﬂorum, Chara sp., Potamogeton trichoides and
Ceratophyllum sp. whereas Antinoria agrostidea, Glyceria ﬂuitans
and Eleocharis sp. along with Typha sp. and Scirpus maritimum
were restricted to pond banks. The ﬁsh community was
dominated by Tinca tinca and Chondrostoma arcasii, but a variety
of ﬁsh species was found in most of the study ponds.
Permanent crops occupy 90% of the total surface in the study
area whereas the surface covered by natural oak tree forests has
been drastically reduced to small patches. Tree plantations,
mainly pine trees, are common in the northern and the eastern
parts of the study region but altogether they represent o10% of
the total surface.Methods
The study ponds were sampled once in the summers of 2003 or
2004. On each occasion, a composite water sample was surveyed
for measures of total phosphorous (TP), total nitrogen (TN), nitrate
(NO3
), ammonia (NH4
+), chlorophyll a (CHLO) and total suspended
solids (TSS). Nutrient samples were ﬁxed with HgCl2 and stored
unﬁltered at 4 1C until analysis; however, water samples for
measures of NO3
 and NH4
+ were ﬁltered prior to analysis. Samples
for analysis of chlorophyll a and TSS were stored unﬁltered at 4 1C.
Analyses were conducted in the laboratory following APHA
(1989). Conductivity, pH, oxygen and turbidity were measured
in the ﬁeld.
Macroinvertebrate samples were taken with a pond net
(400mm mesh size) from a range of habitats such as submerged
vegetation, shores and bare sediment, following Collinson et al.
(1995) and Briers and Biggs (2005). Each pond was sampled for a
total time of 3min that was proportionally allotted to the surface
of each habitat in the pond except P6, P8, P11, P18 and P26 that
were sampled for 5min as they comprised 45 different habitats.
Samples from each habitat were ﬁxed in 96% ethanol and kept in
separate jars at 4 1C until sorting, identiﬁcation and counting.
Because most samples contained a large amount of material, a
subsampling procedure was applied to sort at least one-sixth of
the sample under 10 magniﬁcation; however, samples with
o200 individuals were fully sorted. The rest of the sample was
scanned for rare taxa according to Somers et al. (1998) and King
and Richardson (2002). Except for non-chironomid Diptera and
Oligochaeta, all other taxa were identiﬁed to genus using Cranston
et al. (1983), Fittkau and Roback (1983), Pinder and Reiss (1983)





(A) Best available No hydrological alterations. Ponds in forested areas with a vegetation shore belt of shrubs and trees. No dredging or
ﬁshing activities.
P1, P2, P3
Good No hydrological alterations. Ponds with altered vegetation shore belt, sometimes absent. Agricultural activities may
occur in the catchment. No dredging or ﬁshing activities.
P4, P5, P6, P7, P8,
P9, P10
(N) Moderate No severe alterations of hydrological regimes. Shore belt absent. Agricultural activities in the catchment. Evidence of
ﬁshing activities and dredging.
P11, P12, P13, P14,
P15, P16, P17, P18,
P19, P20, P21, P22,
P23, P24, P25, P26
Poor No severe alterations of hydrological regimes. Highly degraded shores. Ponds in farmlands. Fishing activities and
dredging.
P27, P28, P29, P30,
P31, P32, P33, P34,
P35
Very poor Occasionally severe hydrological alterations. Highly degraded shores. No submerged vegetation. Ponds in farmlands
and/or in urbane areas. Fishing activities and dredging. Input of wastes.
P36, P37, P38, P39,
Best available and good conditions were classiﬁed as acceptable (A) whereas moderate, poor and very poor categories were classiﬁed as unacceptable (N).
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Pond condition was determined from measures of water
chemistry (total nutrient and contaminant concentrations),
hydrology (artiﬁcial ﬂuctuations of the water table as a result of
water withdrawal or water input) and habitat quality (stability of
shore, riparian zones and pond bed, vegetation cover and land-
use). Each group of parameters was rated from 1 (very poor) to 5
(best available conditions) and pond condition was then calcu-
lated by averaging the scores of the three groups. The categories of
condition good (4) and best available (5) were classiﬁed as
acceptable whereas the remaining classes (moderate (3), poor (2)
and very poor (1)) were classiﬁed as unacceptable. A classiﬁcation
of the study ponds into categories of pond condition is reported in
Table 2. A detailed description can be found in Trigal et al. (2009).Statistical techniques
Macroinvertebrate assemblages
The samples collected from each habitat in each pond were
ﬁrst weighed by their surface and then pooled together to analyse
the macroinvertebrate assemblage composition in terms of catch
per unit effort (CPUE) and presence/absence of benthic taxa at the
levels of genus and family. Therefore, four entry matrices were
created: one containing abundance data of invertebrates as-
sembled at the genus level, one containing abundance data of
invertebrates assembled at the family level, one based on
presence/absence of macroinvertebrate genera and one based on
presence/absence of macroinvertebrate families. Variations in the
taxonomic structure of the macroinvertebrate assemblages be-
tween acceptable (A) and unacceptable (N) conditions and among
the ﬁve categories of pond condition (best available (5), good (4),
moderate (3), poor (2), very poor (1)) were examined using non-
metric multidimensional scaling (MDS) with 30 random restarts
to calculate the minimum stress of the 2D scatter plot. The Bray
Curtis coefﬁcient was used to calculate the matrices of dissim-
ilarity from the entry matrices and square-root transformation of
macroinvertebrate CPUE was applied. The second-stage (2STAGE)
analysis was used to evaluate the degree of concordance among
the four matrices. 2STAGE calculates a similarity value between all
pairs of matrices using Spearman rank correlation.
An analysis of similarities (one-way ANOSIM) with 999
permutations was used to test for signiﬁcant differences among
the ﬁve categories of pond condition and between the acceptable
and unacceptable classes based on the four dissimilarity matrices.
All the analyses were computed with the PRIMER-E version 5.2.9
(Clarke and Warwick 2001).Macroinvertebrate metrics
Diversity measures were calculated using three levels of
taxonomic resolution: genus, family plus subfamilies of benthic
non-biting midges (Tanypodinae, Orthocladiinae, Chirinominae)
and family levels.
Numeric richness was the number of taxa in a sample. In
addition, rarefaction was used to standardize and compare
richness computed from samples of different sizes (i.e. different
sampling time alloted to ﬁve of the ponds). Rareﬁed richness was
calculated for 25 individuals, the minimum number of individuals
in one sample, (ES25) and for 50 (ES50) and 100 (ES100)
individuals.
Margalef’s species richness, Shannon–Weaver’s index (Shan-
non and Weaver 1949), Simpson’s index (Simpson 1949), Pielou’s
evenness (Pielou 1969) and percent dominant taxon were
calculated using the PRIMER-E version 5.2.9 (Clarke and Warwick
2001).
The results were represented using box-plots. We represented
mean, standard error and standard deviation for each metric at
the genus, family plus subfamilies and family-level determination
in the two categories of pond condition (acceptable: A, and
unacceptable: N).
The ability of the metrics to discriminate between acceptable
and unacceptable conditions was examined using the Mann
Whitney U-test for two independent groups (A and N) with the
software package STATISTICA 6.0. The signiﬁcance of the tests was
Bonferroni adjusted to a level of Po0.005 to avoid invoking a Type
I error (the null hypothesis is rejected when it is true). In addition
to the Mann Whitney test, we calculated the discriminatory
efﬁciency (hereafter DE) of each measure as percent of impaired
ponds scoring below 25th percentile of metric values in good and
best available conditions. For percent dominant taxon, DE was
estimated as percent impaired ponds scoring over 75th percentile
of metric values in acceptable conditions since the percentage of
dominant taxon increased in response to anthropogenic perturba-
tion.Results
Macroinvertebrate assemblages
ANOSIM revealed signiﬁcant differences among the ﬁve classes
of pond condition only when the presence/absence data for the
macroinvertebrates determined to genus level were used
(P ¼ 0.4%). Nevertheless the R value was low (RgeneraPRES/
ABS ¼ 0.248), suggesting a large overlap among pond condition
categories (Fig. 2a and b). Interestingly, the ANOSIM pairwise
ARTICLE IN PRESS
Fig. 2. MDS plots for presence/absence data of macroinvertebrate genera (a) and families (b) and CPUE of macroinvertebrate genera (c) and families (d) (black
squares ¼ very poor; grey squares ¼ poor; grey triangles ¼ moderate; open triangles ¼ good; open circles ¼ best available).
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living in ponds in very poor or poor conditions and that in ponds
in moderate (R31 ¼ 0.578, P ¼ 0.2%), good (R42 ¼ 0.456, P ¼ 0.1%
and R41 ¼ 0.608, P ¼ 0.1%) and best available conditions
(R52 ¼ 0.538, P ¼ 0.8%) but not between moderate and good
conditions. For the CPUE at the family and genus levels, the
differences among pond condition categories were not signiﬁcant
(Fig. 2c and d). For the matrices with the values aggregated in two
categories of pond condition (acceptable and unacceptable), no
signiﬁcant differences were found (RfamilyCPUE ¼ 0.086,
P ¼ 89.6%; RfamilyPRES/ABS ¼ 0.063, P ¼ 73.6%; RgeneraPRES/
ABS ¼ 0.029, P ¼ 58.1% and RgeneraCPUE ¼ 0.026, P ¼ 60.8%).
The second-stage analysis revealed high concordance between
the presence/absence of macroinvertebrate families and genera
(Rho ¼ 92%) and the abundances of macroinvertebrates as-
sembled at the family and the genus level (Rho ¼ 96%). The
degree of concordance between presence/absence and CPUE of
macroinvertebrate genera was slightly lower (Rho ¼ 72%). In
contrast, the degree of concordance between macroinvertebrate
CPUE at the family level and the presence/absence matrices for
both genera and families was only 69%.Fig. 3. Box-plots of four selected measures at the family (a) and genus (b) level
determinations. Mean (black squares), standard error (boxes) and standard
deviation (whiskers) of ponds in acceptable and unacceptable conditions are given.Macroinvertebrate metrics
The analysis of the discriminatory ability of the nine measures
showed signiﬁcant differences between acceptable (A) and
unacceptable (N) conditions independent of the taxonomic
resolution (Po0.05). Importantly, richness, evenness, the Simpson
index and the Shannon–Weaver index decreased in response to
perturbation whereas percent dominant taxon increased in
perturbed ponds (Fig. 3 and Table 3), implying that more
diverse assemblages occurred in well-preserved ponds. On the
other hand, the Bonferroni-adjusted values were only signiﬁcant
for determinations at the genus or family plus subfamilies levels
(Table 4).
DE ranged between 50% and 90% for all measures in the three
sets (genus, family plus subfamily and family) (Table 5). The
percent dominant taxon, Shannon–Weaver’s index and Simpson’s
index were the most sensitive measures with discrimination
efﬁciencies between 72% (family level) and 90% (genus level),
whereas numeric richness and the Margalef index had lower DE
(o70%). In all cases, DE decreased with coarse taxonomic
resolutions, especially at the family level (Table 5).Discussion
Our results indicate that the use of macroinvertebrate diversity
measures and presence/absence data is more appropriate for
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Table 3
Mean, standard deviation (SD) and minimum and maximum values for numeric richness (S), Margalef’s index (D), Pielou’s evenness (J), Shannon–Weaver’s index (H0),
percent dominant taxon (% D. tax.), Simpson’s index (1Lambda) and rareﬁed richness for samples of 25, 50 and 100 individuals (ES).
Genus-level Family+subfamily chironomidae Family-level
Mean7SD Range Mean Min Mean Min
N S 30711 12–53 2176 10–32 1975.7 10–30
D 3.871.7 1.5–10 2.770.99 1.3–5.9 2.470.93 1.2–5.5
J0 0.5670.13 0.35–0.79 0.5770.12 0.37–0.78 0.5670.12 0.3–0.79
ES(25) 7.472 4.2–12 6.871.8 4.2–11 6.471.6 4.2–10
ES(50) 1072.8 5.7–17 8.972.3 5.7–14 8.272 5.5–13
ES(100) 1373.7 7.3–24 1172.9 6.7–18 1072.5 6.7–16
H0 2.670.64 1.6–4.1 2.570.57 1.6–3.8 2.370.55 1.3–3.5
1Lambda 0.7270.12 0.52–0.91 0.7170.11 0.51–0.9 0.6970.12 0.36–0.88
% D. tax. 43715.4 14.7–67 45715.1 14.7–68 46715.3 17.3–79
A S 41712 19–64 2575.2 17–37 2375.21 15–35
D 571.9 2.5–9.2 370.87 2.2–5.1 2.870.82 1.9–4.69
J0 0.6870.05 0.62–0.62 0.6970.05 0.62–0.79 0.6270.08 0.48–0.75
ES(25) 1071.3 8.2–12 8.871 7.8–11 7.571.1 5.9–9.6
ES(50) 1472.1 9.9–16 1171.6 9.3–15 9.771.6 7.6–13
ES(100) 1873.2 11–22 1472.1 11–18 1272.1 8.8–16
H0 3.670.3 3.1–4 3.270.22 2.9–3.6 2.870.36 2.2–3.3
1Lambda 0.8770.03 0.82–0.92 0.8470.02 0.8–0.88 0.7870.07 0.64–0.85
% D. tax. 2474.4 15–30 2874 24–36 36710 24–55
The results are shown separately for ponds in acceptable (A) and unacceptable conditions (N) at the genus, family plus subfamilies of benthic midges and family-level
determinations.
Table 4
Results of the Mann Whitney U-test for differences between acceptable and





S 2.3479 ns ns
D 2.1871 ns ns
J’ 2.7660 2.66956 ns
ES(25) 3.5701 3.08768 2.1227
ES(50) 3.4736 3.02336 2.2192
ES(100) 3.3771 2.79821 2.2836
H’ 3.6987 3.18417 2.3801
1Lambda 3.5701 3.21634 1.9619
Percent D. tax. 3.2485 3.0556 2.1549
S ¼ numeric richness; D ¼Margalef’s index; J0 ¼ Pielou’s evenness; ES ¼ rareﬁed
richness for samples of 25, 50 and 100 individuals; H0 ¼ Shannon–Weaver;
1Lambda ¼ Simpson’s index; and % D. tax. ¼ percent dominant taxon; ns: non-
signiﬁcant measures.
 Po0.05.
 Po0.005 (Bonferroni adjusted data)
Table 5
Discrimination efﬁciency (DE) of diversity measures at the genus, family plus




Threshold DE (%) Threshold DE (%) Threshold DE (%)
S 36 76 23 66 21 66
D 4 66 2 55 2 52
J0 1 72 1 72 1 59
ES(25) 10 83 8 76 7 59
ES(50) 13 83 10 76 8 52
ES(100) 17 83 13 72 11 62
H0 3.47 90 2.98 76 2.58 72
1Lambda 0.86 90 0.82 76 0.77 76
% D. Tax. 26 79 30 79 39 72
DE was the percent of impaired ponds scoring below (S ¼ numeric richness;
D ¼Margalef’s index; J0 ¼ Pielou’s evenness; ES ¼ rareﬁed richness for samples of
25, 50 and 100 individuals; H0 ¼ Shannon–Weaver’s; 1Lambda ¼ Simpson’s
index) or above (% dominant taxon) the cut-off level between the acceptable and
the unacceptable conditions.
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abundance data (here as CPUE). Moreover, several diversity
measures discriminated well between acceptable (good and best
available ponds) and unacceptable conditions (poor, very poor and
moderate ponds), especially rareﬁed richness, Shannon–Weaver’s
and Simpson’s indices, Pielou’s evenness and percent dominant
taxon.
Abundance data may override the discriminatory ability of
sensitive taxa, specially in systems dominated by habitat general-
ists (Seegert 2000). In contrast, the use of presence/absence and,
more speciﬁcally, of diversity measures, is more appropriate to
reveal the underlying patterns along the perturbation gradient
(Karr and Chu 1999) as it enhances the importance of rare and
sensitive taxa. Our results agree with these ﬁndings. The number
of taxa in the study ponds decreased along the perturbation
gradient (40 taxa on average in best available ponds and o20 on
average in poor or very poor ponds). Interestingly, however,
several generalists, such as Plea and Cloeon, predominated in good,moderate, poor and very poor ponds, accounting for 445% of the
total abundance of macroinvertebrate. Only in the ponds in best
available conditions the relative abundance of the generalists
decreased by about 2 orders of magnitude. Despite the differences
in the discriminatory ability of the methods tested in this study,
we agree, however, that the two approaches, presence/absence
and abundance data, are conceptually different and should be
used in combination for a better understanding of the response of
macroinvertebrate communities to perturbation.
With only one exception, percent dominant taxon, the diversity
measures tested in this study decreased with perturbation
suggesting, that the macroinvertebrate assemblages were more
diverse in good and best available ponds. In addition, rareﬁed
richness, Shannon–Weaver’s index,Simpson’s index and percent
dominant taxon discriminated more accurately between accep-
table and unacceptable conditions. Community metrics represent
relevant aspects of the biological assemblage. The richness-based
metrics have been widely used in the assessment studies as it
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(Barbour et al. 1995; Resh et al. 1995; Fore et al. 1996) and it is
easy to calculate. However, numeric richness (i.e. number of taxa
in a sample) is affected by methodological edge effects, such as
sampling effort (Metzeling and Miller 2001; Adler et al. 2005;
Della Bella et al. 2005) and taxa detectability (Mao and Colwell
2005).
It may be argued that habitat heterogeneity may interfere with
perturbation as it creates niches differing in their ecological
characteristics that may be occupied by macroinvertebrates and,
consequently, enhance diversity (Della Bella et al. 2005). The large
overlap between the classes of condition acceptable and unac-
ceptable may be the result of increasing habitat heterogeneity in
the moderate ponds. In moderate ponds, the development of
densely vegetated shores and the highest diversity of the plant
community likely led to an increase in numeric richness (e.g.
45%–90% of the taxa were also present in the shore habitat).
Shores are zones of transition between the aquatic systems and
the adjacent terrestrial habitats that frequently contain more taxa
(Schmieder 2004). On the other hand, best available ponds had a
vegetation shore belt of willows and shrubs that led to
simpliﬁcation of the shore habitat and contributed to a decrease
in the number of taxa collected in the best available ponds.
Temporal variability may also be responsible for marked
changes in macroinvertebrate assemblages both over the year
and among years (Guerold 2000; Steinman et al. 2003; Tangen
et al. 2003; White and Irvine 2003; Jackson and Fu¨reder 2006).
Hence, the highly spatially and temporarily variable environment
of Mediterranean ponds may interfere with their ecological
assessment and the performance of several metrics, specially
those based on abundance. Unfortunately, however, the study
ponds were only sampled in one season and the effect of
seasonality cannot be clariﬁed from this study. Therefore,
different seasons should be tested before general conclusions
about the use of some metrics.
Not surprisingly, the use of family as the highest taxonomic
level did not reveal signiﬁcant differences among categories and
added little to the results. This is particularly common in systems
dominated by a few families that contain several taxa differing in
their sensitivity to perturbation (Guerold 2000; Hawkins et al.
2000; King and Richardson 2002; Schmidt-Kloiber and Nijboer
2004; Waite et al. 2004). In our study, Chironomidae were one of
the most diverse groups with 12 genera of Orthocladiinae, 14
genera of Chironominae and 8 genera of Tanypodinae. Moreover,
Orthocladiinae, mainly Cricotopus sp. and the Tanypodinae Procla-
dius sp. dominated in degraded sites whereas Ablabesmyia sp. and
Psectrocladius sp. were common in good and best available ponds.
These results are comparable to other ﬁndings (Kashian and
Burton 2000; King and Richardson 2002; Kagalou et al. 2006) and
suggest that determination of benthic midges to family level may
lead to substantial information loss (King and Richardson 2002).
Thus, for assessment purposes determinations of Chironomidae
should be to the genus or even species level. The same applies to
other taxonomic groups such as Coleoptera, which are relevant in
ecological assessment of ponds (Menetrey et al. 2005) and in our
study accounted for 18% of total richness.Conclusions
Our results suggest that diversity measures and the taxonomic
structure of macroinvertebrate assemblages expressed as pre-
sence/absence by itself is more sensitive than the abundance at
distinguishing between acceptable and unacceptable conditions.
Moreover, dealing with families containing many genera/species
with different tolerances to disturbance result in lower accuracyof several diversity measures. For assessment studies, the use of
single measures, i.e. diversity metrics, which provide reliable
signals across the gradient of perturbation, seems more appro-
priate than the analysis of the macroinvertebrate assemblage
composition. The two approaches are however conceptually
different and may be used together for a better understanding
of the diversity patterns along the gradient of perturbation. For
assessment and conservation purposes, it is recommended that
taxonomic identiﬁcation should be at genus and even at species
levels, especially when dealing with taxonomically diverse groups
such as Chironomidae and Coleoptera.
Finally, to evaluate the taxonomic sufﬁciency for assessment
purposes it is indispensable to also test the lowest possible
taxonomic level, i.e. the species level. As this was not possible in
this study, reliable recommendations for a certain taxonomic level
in pond assessment can only be given after further species level
evaluations.Acknowledgements
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